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Summary

Recent improvements in x-ray technology
have greatly contributed to the advancement of
diagnostic imaging. Fluoroscopically guided
neurointerventional procedures with digital sub-
traction angiography (DSA) are being per-
formed with increasing frequency as the treat-
ment of choice for a variety of neurovascular
diseases. Radiation-induced skin injuries can oc-
cur after extended fluoroscopic exposure times,
and the injuries have recently been reported. In
this article, measured radiation doses at the sur-
face of Rando Phantom with Skin Dose Moni-
tor, and estimated and measured entrance skin
doses in patients underwent neurointerventional
procedures are reported as well as means of re-
ducing radiation doses absorbed by patients and
personnel to avoid occurrence of radiation-in-
duced injuries.

Introduction

More than one hundred years have passed
from the discovery of x rays by Wilhelm C.
Rontgen. The mysterious rays gave a light on
many patients, but the rays produced many vic-
tims in the period, in which diagnostic as well
as therapeutic radiology has made a rapid
progress.

We have accumulated experience and knowl-
edge of the x rays and radiation injuries
through numerous clinical cases and unfortu-

nate events. International Commission on Ra-
diological Protection (ICRP) provides recom-
mendations on all aspects on radiation protec-
tion. In its Publication 26 and 60 the ICRP is-
sued its basic recommendations for the princi-
ples of radiation protection as follows: 1) justi-
fication, “no practice involving exposure shall
be adopted unless its introduction produces a
net benefit”, 2) optimization, “all radiation ex-
posures should be kept as low as reasonably
achievable (ALARA), economic and social
factors being taken into account”, and 3) limi-
tation, “the dose equivalent to individuals shall
not exceed recommended dose limits for the
appropriated circumstances”. All radiological
procedures need to satisfy these principles.

In the recent clinical settings, serious radia-
tion injuries do not occur in routine diagnostic
procedures. After the beginning of the 1990s,
fluoroscopically guided interventional proce-
dures have been increasingly used to treat var-
ious neurovascular diseases. A combination of
the improvement of digital subtraction angiog-
raphy (DSA) and the introduction of new de-
vices including microcatheters and fine
guidewires as well as coils and embolic materi-
als facilitates the interventional treatment.

In many cases, longer periods of radiation
exposure are required than the exposure times
associated with diagnostic procedures. Serious
radiation-induced skin injuries resulting from
fluoroscopically guided interventional proce-
dures have recently been reported . It is im-
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portant for physicians performing these proce-
dures to know the accumulated radiation dose
of patients during the procedures, and to make
efforts to minimize the radiation exposure to
patients in order to avoid occurrence of radia-
tion injuries.

Radiation Measurement
(Exposure and Equivalent Dose)

Radiation exposure is a measure of the con-
centration of free electrons produced in air by
the x rays. 1 R (roentgen) is defined as quanti-
ty of x ray producing a charge of 2.58 x 10* C
(coulombs) per kilogram air. That is 1 R = 2.58
x 10* C/kg. The quantity exposure is being re-
placed by the quantity air kerma. The unit of
kerma is the gray (G), and 1 Gy of kerma is
equivalent to 1 J (joule) of energy transferred
to charged particles per kilogram of irradiated
medium. For air, 1 Gy (100 cGy) of kerma is
equivalent to 115 R of exposure; therefore, 1
cGy is approximately equal to 1 R”.

The unit of absorbed dose is the gray, which
is the same unit as for kerma, and 1 Gy of ab-
sorbed dose is equivalent to 1 J of energy ab-
sorbed by the medium per kilogram of absorb-
ing medium.

Equivalent dose is a measure of the potential
biological effect from different types of radia-
tion. The unit of equivalent dose is the joule
per kilogram, with the special name of sievert
(Sv). Equivalent dose is the product of the av-
erage absorbed dose in a tissue or organ and its
associated radiation weighting factor (Wg). For
X rays, this value is equal to 1. Therefore, 1 Sv is
equivalent to 1 Gy. For the purpose of dis-
cussing the potential effects of diagnostic x
rays, there is no essential difference between an
equivalent dose of 1 Sv and an absorbed dose
of 1 Gy.

The Principle of Fluoroscopy and Digital
Subtraction Angiography (DSA)

Fluoroscopes produce immediate and con-
tinuous images. Today, fluoroscopic machines
employ an image intensifier and TV system. TV
recording systems are usually employed to
record the image. An image intensifier greatly
improves image quality by amplifying x-ray
beams, and converts an x-ray image into a light

image that can be displayed on a TV monitor
through an image processor. The contrast and
brightness controls on the TV monitor must be
properly adjusted prior to x-ray application. If
the controls are inappropriate, excessive radia-
tion doses are required in fluoroscopy. Bright-
ness gain of the intensifier becomes less as
screens age. Reduction can be as much as 10%
per year®. As the image intensifier ages and los-
es efficiency, the automatic brightness control
automatically increases the primary beam tech-
nique factors and exposure rates to keep an ad-
equate light level to the camera. An image in-
tensifier used more than five or six years
should be exchanged for new one. The increas-
es of radiation exposure result in an increase of
doses to the patient and personnel.

Resolution of intensifiers is 4 line-pairs/mm
for modern cesium iodine (Csl) intensifiers.
The contrast and brightness of an image can be
controlled by adjusting the peak kilovoltage
(kVp) and the milliamperage (mA) of the x-ray
tube. In fluoroscopy, typically both kVp and
mA are adjusted automatically by the machine,
but the kVp and mA also correlate the dose to
the patient. In general, a relatively high kVp
and a low mA are preferred ‘. Many image in-
tensifiers have multiple field-size viewing (e.g.,
7 inch, 9 inch, and 11 inch). The smaller the
field size, the more magnified the image ap-
pears on the TV monitor. The entrance dose
rate to the patient generally increases if magni-
fication mode is used. The x-ray field can be de-
fined manually by use of the collimators locat-
ed just outside of the x-ray tube. Tight collima-
tion is necessary for the control of image quali-
ty and radiation dose.

In DSA, the initial image from an angio-
graphic sequence is stored in memory. The sub-
sequent images are subtracted from this image
and displayed as a continuous display on a
video monitor. This enables a complete moni-
toring of the examination as it is in progress.
The image information is also simultaneously
stored on a digital disk at real-time rates’.

Advances in digital technology, including
DSA, have made it possible to acquire serial
images at rates and quantities not possible with
conventional film-changer and film-cassette
technologies. Dose rates from digital imaging
can be much greater than those from fluo-
roscopy (see the next Entrance skin dose mea-
surements with a phantom).
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Entrance Skin Dose Measurements
with a Phantom

Surface doses were measured with a Skin
Dose Monitor (model 104-101, MacMahone
Medical Inc., San Diego, CA, USA) at the oc-
ciput and at the right temple of the head of
Rando Phantom containing a human skeletal
system (female type; height 163 cm, weight 54
kg). The x-ray device used was an automatic ex-
posure-controlled fluoroscope (Angioskop D
33, Siemens, Erlangen, Germany) and a DSA
system (Polydoros 80). The distance between x-
ray tube and the image intensifier was 100 cm.
The x-ray tube was placed under the table in a
posteroanterior view examination, and placed
right side of the phantom head in a lateral view
examination. Available sizes of the image in-
tensifier were 7,9, and 11 inch.

The data were acquired three times for each
size of the image intensifier in both posteroan-
terior and lateral planes. Table 1 summarizes
the entrance skin doses associated with fluo-
roscopy in the continuous mode for 1 minute
duration, table 2 with DSA (10 frames), and
Table 3 with conventional angiography (10 ex-
posures).

Entrance Skin Dose Calculation
and Measurements in Clinical Cases

Among radiological records of 74 patients
underwent neurointerventional procedures
from September 1, 1998 to August 31, 1999, the
most extended fluoroscopic exposure time re-
quired for embolization of a cerebral arteriove-
nous malformation was 102 minutes with 1113
frames of DSA, and 44 film exposures. For ra-
diation dosimetry purposes, it was estimated

Table 1 Entrance Skin Dose Measured on the head of
Rando Phantom

P B

Fluoroscopy for 1 minute

Posteroanterior plane Lateral plane (RL)

LL size [75kV,22mA] [68 Kv, 1.8 mA]
11 inch 17.4 (0.5) mGy 13.2 (0.2) mGy
9 inch 30.3 (0.8) mGy  20.8 (0.1) mGy
7 inch 47.0 (0.3) mGy  30.4 (0.1) mGy

L1, image intensifier, technique factors are enclosed by
brakets; numbers in parentheses are S.D.

A 4

that 80% was performed in the lateral plane
and the remaining 20% of fluoroscopy was per-
formed in the posteroanterior plane. If the ac-
quired data with the Rando Phantom are ap-
plied to this patient with cerebral arteriove-
nous malformation assuming that the radiation
beam constantly irradiates the same area and
that there was no overlap between the pos-
teroanterior and lateral planes, the maximum
possible skin dose is estimated to be 3.2 Gy at
the right temple.

We measured entrance skin doses in 12 pa-
tients underwent neurointerventional proce-
dures from October 1, 1999 to February 29,
2000 with the Skin Dose Monitor. A sensor of
the Skin Dose Monitor was placed on the right
temple in nine patients in whom the lateral
projection was mainly used, and was placed on
the occiput in three patients in whom the pos-
teroanterior projection was mainly performed.
Measured skin doses ranged 383.8 mGy to
1918.6 mGy (1.9 Gy). The maximum dose was
recorded at the occiput of a patient underwent

Table 2 Entrance Skin Dose Measured on the head of Rando Phantom

& 2
DSA, 10 frames
Posteroanterior plane Lateral plane (RL)
LL size [70 kV, 420 mA, 62 msec] [70 Kv, 555 mA, 21 msec]
11 inch 16.7 (0.5) mGy 9.4 (0.0) mGy
9 inch 21.7 (0.1) mGy 19.0 (0.0) mGy
7 inch 24.3 (0.3) mGy 24.0 (0.0) mGy

LI, image intensifier, technique factors are enclosed by brakets; DSA, digital subtraction angiography; numbers in parentheses are S.D.
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transvenous coil embolization for dural arteri-
ovenous fistula of the posterior fossa with 66.2
minutes of fluoroscopy using 9 inch image size
of the image intensifier and 474 frames of DSA
and 53 film exposures. In this patient, the esti-
mated skin dose was calculated to be 2.4 Gy if
it was estimated that 80% of fluoroscopy was
performed in the posteroanterior plane and the
remaining 20% was performed in the lateral
plane. The measured dose (1.9 Gy) was 79.2%
of the estimated dose. The measured skin dose
was less than the estimated dose in every case,
and the measured doses ranged from 32% to
81.5% of the estimated doses.

Entrance Skin Doses in a Head CT
Examination

The entrance skin dose of the head of the
Rando Phantom during a head CT examina-
tion was also measured with thermolumines-
cent dosimeters (TLD). A TLD was placed on
the midline of the phantom forehead in the 5-
mm-thick scan plane. Additional TLDs were
placed on the midline at intervals of 5 mm
away from the TLD in the scan plane along the
body axis. The CT equipment used was Hitachi
W-1000 (Hitachi Medical, Tokyo, Japan). A 5
mm-thick CT scan was performed with use of
standard radiologic parameters of 120 kV, 175
mA, and 2.9 seconds. Measured entrance skin
dose in the scan plane was 54.9 mGy, those at 5
mm and 10 mm away from the scan plane were
22 mGy and 1.3 mGy, respectively. TLDs
placed more than 15 mm away from the TLD
in the scan plane showed the same values to
the back ground. Therefore, if contiguous CT
sections are obtained, the cumulative entrance
skin dose becomes 61.9 mGy (1.3 mGy + 2.2
mGy + 54.9 mGy + 2.2 mGy + 1.3 mGy). If pre-
and postcontrast studies are performed, the

Table 3 Entrance Skin Dose Measured on the head of
Rando Phantom

r )
Conventional angiography, 10 exposures

Posteroanterior plane Lateral plane (RL)
[73 kV,6.3mA] [70 Ky, 5.6 mA]

94 (00)mGy 7.6 (02) mGy

L1, image intensifier, technique factors are enclosed by

brakets; numbers in parentheses are S.D. ¥,

dose becomes 123.8 mGy (61.9 mGy + 61.9
mGy). In our hospital, another CT scanner
made by a different manufacturer is used for
clinical practice. However, there is no signifi-
cant difference between the measured entrance
skin doses with these scanners using the same
radiological parameters. The surface doses dur-
ing axial scans and helical scans are the same if
the scan parameters are identical. Therefore,
the estimated entrance skin becomes 185.7
mGy (123.8 mGy + 61.9 mGy) if 3D-CT an-
giography with the same parameters is added
to 5-mm thick pre- and postcontrast CT studies
(usually entrance skin dose during 3D-CT an-
giography is lower than that of axial scans be-
cause a higher kV, a lower mAs, and a shorter
scanning time are used in 3D-CT angiography).
This value of 185.7 mGy is far less than that
from the fluoroscopically guided neurointer-
ventional procedures.

Discussion

In radiation protection, the ICRP has estab-
lished three recommended standards, namely
justification, optimization, and [limitation. In
practice of radiation protection, the guiding
philosophy is ALARA (as low as reasonably
achievable)°.

However, review of the circumstances of
many of the injuries revealed a lack of appreci-
ation by the physicians performing interven-
tional procedures, prior to observing the injury,
of the magnitude of the skin dose that can result
from the long exposure time that may be re-
quired by complex interventional procedures >
Doses from serial digital imaging can markedly
increase both patient dose and the possibility
of a severe radiation-induced injury. The esti-
mated entrance skin dose at the right temple of
our patient with cerebral arteriovenous malfor-
mation exceeded 3 Gy. :

In addition, many patients undergo thera-
peutic procedures that require two or more ses-
sions. Huda et Al reported the estimated maxi-
mum possible skin dose of 6.6 Gy for a patient,
who underwent embolization of a left paraor-
bital arteriovenous malformation guided with a
neurobiplane x-ray system in two sessions sep-
arated by 3 days'. In this case imaging included
110 minutes of fluoroscopy and 46 DSA acqui-
sitions, and the patient reported a temporary
epilation in the right occipital region of the
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skull approximately five weeks later. The tem-
porary epilation is reported to be produced af-
ter radiation doses of 3-5 Gy and is most severe
in the second and third weeks®.

Although the exit dose was measured to be
about 1% of the entrance skin dose for the pos-
teroanterior projection, the closest lens could
receive a maximum entrance skin dose for the
lateral projection’. The minimum dose required
to produce a progressive cataract is about 2 Gy
in a single exposure. The latent period between
irradiation and the appearance of a lens opaci-
ty is dose related. The latency is about 8 years
after exposure to a dose in the range of 2.5 to
6.5 Gy’. Therefore, our patient with calculated
dose of 3.2 Gy at the right temple in the inter-
ventional procedure might have a possibility of
developing cataract as a result of radiation ex-
posure associated with embolization of a cere-
bral arteriovenous malformation.

Accurate estimation of entrance skin dose
should be calculated from not only fluoroscop-
ic exposure time and number of DSA frames,
but also data on technical factors of x-ray sys-
tem, exposure rates during fluoroscopy and ex-
posure per frame during DSA, patient thick-
ness, and system geometry> An important as-
sumption was made in the dose calculation that
the x-ray beam was continually directed to the
same region of the skull. However, the location
and size of the irradiated area varied with the
projection, which were not monitored during
the procedures.

Therefore, actual entrance skin dose might
be less than the calculated dose as in our cases.
The accurate skin dose measurements can be
obtained with use of thermoluminescent
dosimeters, which allows dose measurement
over a wide range with sufficient accuracy **".
Transient alopecia developed after neurointer-
ventional procedures is reported in two pa-
tients in an article, in each of whom the dose at
the right temporal area was about 4.2 Gy°.
Lately Skin Dose Monitor with a radiolucent
sensor has become available for the real-time
measurement of accumulated radiation dose at
the site of application on a patient. The intro-
duction of a radiation-monitoring system pro-
vides feedback to the operators regarding both
the instantaneous and cumulative dose associ-
ated with the procedure, and may help reduce
patient doses by increasing operator awareness
of any high patient doses".

Current applications of digital fluoroscopy,
especially high-dose-rate fluoroscopy (0.1
Gy/min), and DSA have increased the radia-
tion load to the patients significantly. This of
course increases proportionately the radiation
exposure to the operator . Operator equiva-
lent doses are measured at various sites*. The
maximum measured operator doses are 3.55
mSv at the left hand, 1.99 mSv at the left arm,
1.1 mSv at the neck out side of a thyroid pro-
tector, and 0.88 mSv at the glabella, respective-
ly. According to the most recent ICRP recom-
mendations regarding radiologic protection
(ICRP Publication 60), the operator dose limit
is 150 mSv/year for lens, 500 mSv/year in the
skin. Calculations indicate that an operator
performing 170 (150/0.88) or more neurointer-
ventional procedures in a year has a potential
risk of exceeding the dose limit for the eye, and
140 (500/3.55) or more procedures for the skin.
In an operator who conducted the DSA in a
patient, the doses at many sites were far higher
than those in the examination of other patients.
Transcarotid approach rather than the trans-
femoral approach was used because of tortuos-
ity of the vessels in the case. The short distance
between the x-ray source and the operator re-
sulted in the high operator dose®. The radiation
intensity decreases proportionately as the
square of the distance from the x-ray tube. Al-
though a small amount of radiation is emitted
through the shielded x-ray tube housing (i.e.,
leakage), primary scatter emitted from the pa-
tient is the major source of hazard to personnel
in fluoroscopy. Flexible protective clothing
such as aprons, vests, skirts, and thyroid shields,
can significantly reduce transmission of scat-
tered radiation. The transmission through 0.5
mm of lead equivalent (typical lead equivalent
thickness for aprons) is 3.2% at 100 kVp and
0.36% at 70 kVp ™. The typical flexible material
for protective clothing is lead-impregnated
rubber. Special composite materials that may
be lightweight and easier to wear are also avail-
able but usually more expensive’. Other types
of shielding, including mobile barriers such as a
floor-standing transparent barrier and a ceil-
ing-suspended transparent barrier with a sus-
pended drape, are available and fluoroscopic
tables may be purchased with optional shield-
ing and leaded drapes that protect personnel
from patient scatter>.

The operator should put on a heavy leaded
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glove to protect his/her hand when it is exposed
to the primary beam. All protective clothing
items should be evaluated both at a acceptance
for attenuation properties and integrity of the
shielding and periodically for shielding integri-
ty (i.e., to check for cracks or holes)°’. Eyeglass-
es with side shields are available with or with-
out prescription lenses for eye protection for
personnel who need them. There is an argu-
ment against the necessity for wearing eye-
glasses during interventional procedures. Radi-
ation-induced cataracts, a deterministic re-
sponse, exhibit a dose threshold to x rays of ap-
proximately 10 Gy because of the temporal dis-
tribution of the radiation. Essentially it is not
possible for an angiographer to receive such a
dose. The average neuroangiographer would
have to work perhaps hundreds of years just to
reach the dose threshold".

Typically, reducing patient dose also reduces
dose to personnel. The duration of exposure of
the individual is directly proportional to the
doses to the patient and the operator. The most
important and reliable, and easily achievable
means is to keep beam-on time to an absolute
minimum. It is the golden rule in practice of ra-
diation protection and may be accomplished
effectively through judicious use of the expo-
sure switch to ensure that irradiation is occur-
ring only when the fluoroscopist is actively
viewing the image.

Use of a last-image hold feature can be help-
ful in reducing the overall beam-on time°. All
new fluoroscopes should be purchased with
this feature. Pulse-mode fluoroscopy is a tech-
nology that uses pulses of radiation, rather than
a continuous beam, to produce fluoroscopic im-
ages. Pulsed fluoroscopy can reduce exposure
times in procedures. In a continuous beam
mode, images are obtained at frame rates of 30
frames per second, but a rate of 15 frames per
second is usually enough for viewing images.
Marked decrease of the skin dose of the patient
is achievable if the rate is reduced from 30
frames per second to 15 frames per second or
less ©. Using frame rates and series durations
that are as low as diagnostically acceptable in
serial radiographic studies reduces the overall
time of patient irradiation.

Thin metal plates called added filters are in-
serted in the x-ray tube housing below the exit
window. In diagnostic radiology, the metal most
commonly used is aluminum (Al) because of its

low atomic number. It removes the lower-ener-
gy photons in the beam that would otherwise
be absorbed by the skin of the patient and are
useless in the formation of the image. The filter
can reduce the radiation skin-dosage of the pa-
tient at the irradiated area *“. Another type of
filtration, the heavy-metal filter, has now been
introduced into clinical use as a way to improve
image contrast in procedures. Use of such a fil-
ter has several advantages. Heavy-metal filters
tend to narrow the spread of energies, both
high- and low-energy photons; removal of low-
energy photons assists in reducing the patient’s
radiation dose, and the removal of higher-ener-
gy photons tend to reduce the amount of scat-
ter. Heavy-metal filters employ material such
as gadolinium (Gd) and holmium (Ho) among
others .

In these ways, both patients and personnel
receive ALARA radiation doses.

Radiation induced central nervous system
sarcoma is an uncommon but well-recognized
serious late complication which has occurred
following radiotherapy. A few cases of radia-
tion-induced gliomas have also been docu-
mented. In these cases, reported initial and cu-
mulative tumor inducing doses of orthovoltage
and megavoltage x-ray, and proton irradiation
ranged from 20 to 100 Gy . Such therapeutic
radiation doses cannot be irradiated to patients
undergoing to neurointerventional procedures.
However, meningiomas induced by low dose
extracranial irradiation for Tinea Capitis are
reported with administration doses less than 8
Gy '*®. If multi-sessional neurointerventional
procedures are performed in a patient, the cu-
mulative skin dose may reach to the dose of 8
Gy. All the patients with radiation induced
meningioma received scalp irradiation before
the age of 10, and the meningiomas presented
clinically more than 20 years after irradiation .
Postirradiation meningiomas have distinct
characteristics as follows, 1) their location at
the site of maximal irradiation; 2) features sug-
gesting rapid growth and aggressive biological
behavior; 3) higher proportion of multiple
meningiomas; 4) increased number of histolog-
ically malignant meningiomas'. A higher local
recurrence rate is also noted ',

Although the carcinogenic risk to patients
from the radiation associated with neurointer-
ventional procedures is very low, and an esti-
mated carcinogenic risk factor is about 10-1 Sv-1
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for acute radiation exposure', ALARA should
be achieved by physicians performing the pro-
cedures.

Conclusions

Accompanying radiological technologists op-
timize image quality and establish the techno-
logical optimization using the best geometric
configuration for fluoroscopic procedures
(tight collimation and proper distances among
the x-ray tube, patient, and image intensifier)
for reducing patient dose and the hazard from
scattered radiation.
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